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Fort  Detrick 
Frederick,  Maryland 


mNSMissies  of  iwxcfzom  rbsistahcs  to  ?a®s®jr»ua 


Path  Microbiol  W,  Xnapp  and  G»  Lcbak 

( Pathological Microbiology) 

30s  I96?e  pp  103-121 


The  transferability  of  ths  Spisos*  F-Lae+  from  S.  coll  to  P.  pestis 
{Martin,  1962;  Martin  and  Jakob,  1962)  and  of  ft. footers  to  P.  postis  and  P, 
pseudo tuberculosis  (Ginoea  and  Matney,  1963)  as  part  of  the  investigations 
on  the  system  involved  in  these  two  species  led  to  the  question  as  to 
wh&Jier  P.  pestis  and  P.  pseudotuberculosls,  because  of  their  close  rela¬ 
tionship,  differ  from  other  Fasten? alia  species,  such  as  for  instance,  P. 
multocida  dn  P.  haemolytioa,  in  terms  of  the  absorption  and  transmission  of 
infectious  resistance. 

As  a  result  of  the  close  relationship  between  P,  pestle  and  P, 
pseudotuberculosis,  which  does  not  exist  with  respect  to  P,  multocida  and 
P,  haemolytdea  and  other  Fa  stein*  *11*  species,  it  had  been  suggested  on  vari¬ 
ous  occasions  that  both  species  be  assigned  t©  a  new  genus  called  "Yersinia" 
(van  log hem,  19^5*  i 946,  et  al)  under  the  family  of  the  Entnrobacteriaeeae 
(Thai,  1954,  additional  bibliography  in  Knapp,  1965)-  These  suggestions 
4r«  •uppgptd  W  ths  wpmm  ouXtural  and  isFoXegSwi  rtlatoihip*,  th® 
pAttial  antigen  aemaity  ef  F,  pieudotubapeuleaii  iyp«  II  and  IV  with 
Salmonella  of  the  B-,  D-,  and  £.  subgroups,  respectively,  of  P-  pseudo tubejv 
culosis  Type  IV  with  respect  to  E«  coll  strains  with  0- anti  gen  7?  (Knapp) 
and  the  lysabillty  of  various  P«  pseudotubereulesis,  P.  psetls,  £  coll, 
and  Sh.  dysenteries  strains  through  the  same  phage  strains  (bibliography  In 
Knapp,  1965)-  All  of  these  factors  have  been  established  for  both  species. 
Furthermore,  it  was  necessary  to  establish  the  presence  of  the  Identical 
phage-  and  also  common  pesticiiwreceptors  for  some  of  the  pseudotuberculosis, 
pest,  and  coll  strains  (Brubaker  and  SurgaUa,  1961;  Smith  and  Burrows,  1962* 
Burrows,  1963;  Knapp  and  2willenb«rg,  1964;  Hartman,  1964;  Brubaker  and 
assoc,  1965).  The  results  of  the  data  evaluation  which  was  performed  with 
various  methods  finally  node  it  possible  to  categorise  P.  pestis  in  the 
family  of  the  Enterobacterlaoeae  between  the  genuses  of  Escherichia  and 
Klebsiella  (Tklbot  and  Sneath,  i960;  Sneath,  1962;  Smith  and  Thai,  1965). 

With  a  few  exceptions  (Ktncabara  and  assoo,  1963;  Ginosa  and  Matmy, 
1963$  Lebek,  1963)  most  of  the  information  published  so  far  concerned  the 
transmission  of  the  ft. factors  between  bacteria  strains  of  the  various  gamete 
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in  the  family  of  BhtOTobftoieriseeas  (MbMograpby  In  Wsiarabe,  i 9&3t  l«feek, 
1965).  accept  for  the  obtestation  by  Glnosa  and  Matncy  (1963;  for  P,  pesti 
and  P,  pa  eudo  tubereul©  si  a ,  the***  a?*  no  reports  on  the  bshsviw  of  the 
various  pasteurella  specie*  with  respect  to  Reinfections, 

In  our  article  here  today  we  want  t©  report  on  investigations  deal* 
ing  with  the  following  questions; 

1,  Are  R,isf*etia»*  passible  la  P,  psaudetu&weuiasis  of  the  wamia. 
ons  serological  types  aid  in  the  only  avirulent  strains  of  P,  pestis  as 
well  as  Pabteurells  "Xs1  available  to  us! 

(This  type  of  bacteria  is  known  under  various  species  designations, 
such  as  Beet,  enterooolitieum  (Sehloif stein  and  Col man,  1939,  1943), 

P.  pseudotuberculosis  "Type  B"  (Dickinson  am  Moequct,  1961),  Pasteurella 
"X"  (Daniels,  1963,  Stnswe,  1963,  Knapp  and  Thai,  I963),  or  Yersinia  enter* 
e oolitic*  (Predarikse®,  1963*  IfellAr*,*  and  Gheraliar,  1964,  1965,  et  al)* 
this  type  of  bacteria  has  not  yet  been  oosspletely  and  definitively  categor¬ 
ised  in  the  system  of  bacteria.  It  seems  to  be  closer  to  P,  pestis  and 
P.  pseudotuberculosis  than  to  the  other  Pasteurella  species.) 

2,  Can  we  produce  an  ft»iaf action  also  in  strains  of  those  Fasteo- 
rella  species,  such  as  P.  anltodda,  P.  haemolytloa,  P.  pneuno tropic*  and 
P.  aaatlpestifer,  which  are  not  olosely  related  to  P.  pseudotuberculosis 
and  P.  pestis! 

3.  Gan  we  establish  any  differences  in  the  transmission  frequency 
between  the  various  species! 

4.  Gan  infected  Pasteurella  strains  aot  as  R-donors T 

5*  Do  the  resistance  qualities,  which  are  transmitted  through  re¬ 
infection,  remain  stable  when  the  strains  art  stored  for  a  longer  time! 

6,  Gan  v  determine  ary  special  features  in  eon&oetton  with  tha  ft* 
infection  of  Pasteurella  strains! 


rif;vrT  r 


A,  Nutrient  Madia 

The  strains  ware  kept  and  passaged  in  proteose  solution  (proteose 
peptone  DLfko  No  5»  20,0,  gluoeee  0,5,  NaCL  5.0,  see  dl sodium  phosphate 
5.0,  aq  deat  1,000,0  ml)  respectively,  on  blood  agar  plates  with  the 
tien  of  Si  wether  blood  or  in  the  oea*  of  P.  Multodda  on  TPO»»editak  with 
and  without  the  addition  of  Si  sheep  blood  (XemLeka  and  Hursts,  1962),  We 
used  ammonium  citrate  agar  (Simons  dtratagar)  to  establish  the  R-lafootiett 
of  Hebei elle-Aerobecter  by  R-lnfeoted  Pasteurella  strains  aid  we  used 
endoagsr  plates  to  oouat  the  fell  colon! ee. 


Ba  Bacteria  Strains 

uuawwi  *  hi  i  —  mm  nn  m  n— iinwwMtofow 

I.  Donors 

For  the  R-doraers  w©  s-loci&d  Ooli  strains  whose  transmission  ?re» 
quancy  onto  strains  of  a  wide  ,'^riety  °?  baet^a  spades  witMn  the  fteatly 
of  the  Sitoroba c teriac m e  was  about  i0“3  to  lcH%  In  prolia&nsry  ©sped** 
ffients,  the  donor  strains  were  not  supposed  to  grow  anymore  on  the  Mood 
agar  plates  which  had  been  inoculated  with  0«t  ml  of  an  overnight  culture 
*nl  with  the  of  g&&&etie«  width  w«*$  tm& imp  far  tto  #«!«** 

tien  of  the  Reinfected  acceptor  strains* 

We  night  note  here  that  we  did  not  perform  Reinfection  experiments 
with  each  and  every  donor  strain,  using  ill  of  the  acceptor  strains  listed 
below. 
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ianltot  as.  5>«w. 

«kvrpM>|R  son 

E.«oH 

4018/62 

TCSKNSe 

SauRttngutuhl(d) 

E.  cell 

3128/64 

TCSSn 

Patlentennrin  (*) 

E.  con 

SW/64 

TCSSo 

Patlentennrin 

E,  coll 

W49/64 

TCSSb 

Patlentennrin 

E.  <*U 

11949/64 

TStt 

Patlentennrin 

E,  coM 

10289/64 

TSo 

Patlcntemirin  “ 

E.wM 

14964/64 

T 

Vaglnalabetrteh  (f) 

E.  co« 

JE  91 

TCSSn 

Ptnf.  WaUnabn,  Trtfb,  Saetlert  (g) 
non  Snglito 

e,  coa 

4242/64 

TCSSn 

Patlentennrin 

E.  cfltt 

2294/69 

TCSSaA 

Patlentennrin 

Keyi  a,  bacteria  species  and  strain  designation 

b.  ^-factor 

c.  Origin  of  strains  Isolated  from  or  left  by 

d.  Infant  stool 

e.  Patient  urine 

f.  Vaginal  smear 

f.  Professor  Watanabe,  Jblget  isolated  from  Bogins 
—  Tetraoyelini  0  —  (Moraspfcen&eoli  B  —  Btreptmydni  X  —  Ken*» 
nycin;  N  —  Meoaydng  A  —  kspdolllini  Su  —  Sulfonamide 

Hi.  Mg MESSES 

In  the  Paatourella  strains  used  as  acceptors  we  were  working  mostly 
with  freshly  isolated  strains  and  partly  with  strains  taken  from  strain 
ec  11  actions;  the  letter  were  repeatedly  inoculated  into  seraa  or  asdteo 
bouillon  and  on  blood  agar  plates  prior  to  the  start  of  the  experiment. 
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a.  Rssteorella  species,  tasabsy,  Serologies!  I^rpo 

b.  Chromosome  resistance 

c.  Isolation,  son  (M)j  ardmi  (P),  Flea*  (?) 

d.  Origin  of  initial  strains 

e.  against  antibiotics  listed  below 

f o  primary  (p)»  selected  in  vitro  (g) 
g,  Our  own  strain  collection  In  9cm 
bwr  —  respectively 

Bs@  acceptor  strains  marked  with  *  were  tested,  afts*’  ft*  infection, 
against  KLebsiella-Ass^bactes*  (Strain  Sfo  8970/62)  as  acceptors,  in  their 
capacity  as  donors. 
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Neomycin 
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The  approximate  germ  or  Tiros  content  in  every  ml  of  the  overnight 
cultures  of  donor  and  acceptor  r recipient"1  strains  was  determined  prior  to 
the  preparation  of  the  nixed  cultures  by  plating  in  each  case  0.1  ml  of  the 

cultures  which  had  been  diluted  down  to  *0"^  and  10"^  and  by  counting  the 
colonies  after  the  plates  r dishes1  had  been  incubated  for  46  hours  at  37°  C. 

We  selected  strains  of  the  various  Pasteur  ell*  specie*  -'itii  a  pri¬ 
mary  resistance  against  polymyxin  B  or  with  a  selected  resistance  which 
would  increase  in  vitro  against  doses  of  antibiotics  (200  gaoma/m 2  strepxo* 
n^eir.,  respectively,  kan&nycin/ noonydri) .  In  the  transmission  experiments 
we  used  only  the  resistant  strains  which  would  reveal  a  growth  rate  corres¬ 
ponding  to  the  control  cultures,  without  the  addition  of  antibiotics,  on 
blood  agar  plates  with  the  addition  of  antibiotic  required  for  election 
against  the  donor  strain,  after  we  had  spread  0,1  ml  of  an  overnight  cul¬ 
ture  in  proteose  solution. 

C.  Infections  and  Selection  of  Infected  Recipients 

Overnight  cultures  ox  the  donor  (E.  ooli)  and  recipient  strains 
(Pasteurella)  were  nixed  in  a  ratio  of  1:10  and  the  nixed  cultures  were 
Incubated  at  37°  C,  After  4  and  24  hour*  wa  plated  0.1  nl  of  the  nixed 
cultures  and  as  oontrols  we  plated  the  pure  cultures  of  the  particular  don. 
op  and  recipient  strains  on  blood  u«r  pistes*  sdding  antibiotics  against 

.  *•  f  r*nA,»r.fonJ  none*  wee*  **w«dHv*  Tn  addition, 

which  the  recipient  r acceptor  1  and  tne  oonor  were  sensitive.  in  addition, 

these  blood  agar  plates  contained  one  of  the  antibiotics  against  which  the 
?— factor  of  the  donor  revealed  resistance  factors  rdetendnants1.  In  other 
controls,  we  plated  the  cure  cultures  on  blood  agar  plates,  each  tine  add¬ 
ing  only  one  of  these  too  antibiotics. 

As  a  function  of  the  resistance  Darker*  and  the  R- factor*,  we  added 
to  the  nutrient  Media  together  B0  ganma/ml  polysgrxin  B  and  10  gama/nl 
chloramphenicol  or  50  gama/nl  •treptoxyoin  and  10  gaaoa/ul  tetracyolin, 
respectively,  100  guna/al  kanamycin  and  10  ganna/nl  chloramphenicol. 

The  antibiotic  which  le  Mentioned  first  here,  in  each  case,  was  used  to 
inhibit  the  donor  and  the  second- named  antibiotic  was  used  for  the  selec¬ 
tion  of  the  R- infected  recipients. 

The  tranemioffion  experiments  oould  be  evaluated  if  there  was  no 
bacteria  growth  in  the  pure  cultures  of  the  partner  strains  on  the  blood 
agar  plates,  when  both  antibiotics  were  added  and  when  the  recipient,  re¬ 
spectively,  donor  strain  would  grow  only  on  the  plates  when  we  added  that 
antibiotic  against  which  the  recipient  was  resistant  and  against  which  the 
donor  was  sensitive,  or  vice  versa. 

If  we  were  able  to  observe  colony  growth  on  the  selection  platos 
containing  both  of  the  antibiotics,  within  4  days,  then  we  inomu^ted  and 
Investigated  up  to  10  colonies  (clones).  We  tested  the  purity  of  the  cl  -nee 
and  their  Identity  with  the  recipient  strain  by  means  of  cultaraL-Mooheedoal 
and,  as  such  aa  possible,  also  by  Mans  of  serologloal  investigations  and 
we  <i*o  examined  the  resistance  spectrum  in  the  ring  test. 


We  determined  the  resistance  of  the  g eras  rriru*e^'1  quantitatively 
by  inoculating  solid  nutrient  medic  ~»th  the  corresponding  addition  of 
antibiotics  or  ve  determined  it  qualitatively  in  the  ring  test  with  tooth- 
wheel-shaped  test  ring'  (according  to  Liraenmeier).  The  free  ends  of  the 
teeth  contained  the  following*  10  gamma  streptomycin,  20  gamma  tetr&oyclln, 
1?  gosraa  chloramphenicol,  20  gasnt  konomycin*  1600  gaaeaa  sulfisox&aol, 

50  gamma  polyaiyxin  B,  and  40  gamma  furasolidon. 

The  resistance  was  re- transmitted  from  the  R- infected  Pasteurella 
strains  to  the  Slebelella-aerobacter  strain  No  8970/62.  We  took  our  oveev 
night  cultures  and  we  mixed  0.1  ml  of  the  ELebaiella  cultures,  each,  and 

O. 9  ml  of  Pas  tear  alia  cultures  with  theee  overnight  cultures  and  these 
mixed  cultures  (0.1  ml)  were  then  inoculated  on  Simons  Citratagar  plates 
after  4  and  24  hours  of  incubation  at  37°  C.  By  way  of  addition,  these 
plates  contained  one  of  the  antibiotics  against  which  the  R* factor  con¬ 
tained  resistance  determinants,, 

The  parity  of  the  oolord.es  which  had  grown  within  2  days  and  their 
identity  vith  the  recipient  strain  sere  tested  by  seeding  on  endoagar 
plates  (single-oolony  technique),  by  preparing  a  varied  series,  and  by 
determining  the  resistance  spectrum, 

for  a  rough  calculation  of  the  transmission  frequency,  we  started 
with  the  number  of  recipient  germs  per  ml  at  the  time  of  the  mixture  of  the 
partner  strains  and  from  the  number  of  the  B-inf acted  germs  found  in  the 
mixed  culture  within  4  hours, 

Q«r  tytfttytty  TP&M  m  to  m  laity;  i 

1.  (a)  ft-Inf actions  of  F«  pseqdotnbemilosis 

We  S-infected  two  strains,  each,  of  the  serological  types  £»Y  of 

P.  pseudotuberculosis.  The  8- inf  action  did  not  oom  out  successful  in 
each  and  every  P.  psendotuberculosis  strain  with  the  same  donor  strain, 
respectively,  in  the  same  high  frequency.  We  transferred^  (T)  from 
donor  strain  14394/64  to  P.  pseudo  tuberculosis  So  36/17201,  85  and 

in  a  frequency  of  10“^  to  10“*  T  (EKi)  from  the  donor  strains 
No  10285/64  and  11345/64  to  F,  pssodotuberculosls  MO  36/1720  1  in  a  fre¬ 
quency  of  10“6,  respectively,  l(T^j  H  (TCSS0)  from  the  doaot.»  strains 
No  9667,  9649*  JTR51  end  4242/64  on  P.  psaudotnberculosi*  No  257^,  43^, 
S3111.  32IT£/Sr,  9*»  «nd  25*.  and  the  R(TCS3uA),  respectively,  R(TCS*/NBu) 
from  donor  strains  No  2234/65  sod  4018/62  to  P,  psewdotubercolesis  strain* 

3*1*  Ilf,  respectively  2*  and  25*  in  a  frequency  of  about  l<f^. 

P.  psecdo  tuberculosis  strain  1 6n  could  »t  be  B-lnfaetsd  by  any  of 
the  ralateil  donor  strains,  Because  of  the  tremendous  amount  of  work  in¬ 
volved,  it  was  impossible  to  perform  transfer  experiments  with  ssch  of  tbs 
donor  strains  listed  voder  B  It  these  sad  the  ndmgq— it  lnvss  tigatloc  re¬ 
sults  therefore  do  mot  enable  us  to  make  soy  n— mi.oal  oossparlooaa  betmsan 


the  donor  strain**  on  th*  ons  hand*  and  th*  frequency*  respectively,  tbs 
differences  in  th*  receptivity  of  th*  verious  ?**teur*ll*  *  train*  with  r*» 
•poet  to  R-infsetions*  on  the  other  hud*  On  the  bar) «  of  otir  observe- 
tlon*  wo  eon  certainly  say  that  th*  Coll  strains  14394/64  R(l),  JBJl  R 
(TCSSu)*  and  9349/64  R  (TCSSu)  ware  particularly  suited  as  donors. 

1.  (b)  ft- Inf actions  of  P.  postls 

Amor*  the  fir*,  respectively*  six  doner  and  recipient  strain*,  we 
were  successful  In  transferring  the  R-faetors  R  { TCSl/MSu  and  R  (TCSSa) 
with  donor  strains  lb  4018*  respectively,  966?*  out,  the  P.  pec tis  strain 

WJ  in  a  frequency  of  i  <r6,  rsopoctirely,  10“^,  and  using  the  donor  strain 
JE51  we  war*  obis  to  transfer  the  R-factor  R  (TCSSu)  onto  the  strains 

F7793*  respectively,  EV?6  in  a  frequency  of  1CT^  and  onto  strain  B2?64  in 

the  frequency  of  1(T^.  The  other  two  peat  strains  eould  not  bo  R~  infected 
with  those  Coll  strains  and  by  neons  of  the  aaq>«rl»<5ju:l  toeissiquo  selected 
hsre. 


1.  (c)  R- Infections  of  Res tear ell*  "I* 

The  R- factors  of  the  5  donor  strains  selected,  that  la,  14394/64 
R  (f),  11345/64  R  (TSu),  JK51  R< TCSSu),  4242/64  R(  TCSSu)  and  2234/65 
R(TCSSu4)  could  bo  transferred  to  9  out  of  the  10  strains  tooted  in  fre¬ 
quencies  between  1  <r3  and  lOT6.  The  beat  donors,  with  th*  highest  trans¬ 
fer  frequency,  proved  to  bo  donor  strains  Mo  14393/64,  JE51*  and  11345/64, 
R. infection  .'tiled  only  in  strain  No  59* 

Ifefel  feftfwttai  ij.li  iHrtMUto  nya j  f»«t«r.Lu  ataa 

ft*  .wtdti  af  iiaaa  ajj-HjwU  ih  tlum  la  fabla  1,  UW.  Aj 

donors  wa  used  tho  strains  Mo  JE  R(TCSSu),  4242/64  R(?CSSu  and  2234/64 
R(TCSSuA), 


Am  wa  can  see*  the  R-lnfecttons  atom  out  suoceasfhl  in  Boat  of  the 
PasteureUa  strains  of  the  four  different  species  shown  in  table  I.  It  1* 
inter  eating  to  note  hare  that  the  throe  strains  of  P.  ■altodd a  which  we 
had  freshly  isolated  and  which  were  of  banan  origin  could  not  bo  R- Infected 
with  the  experimental  technique  alloyed  hare,  although  th*  transmission 
of  th*  R-faotors  was  accomplished  with  high  frequency  in  oast  of  tho  "trains 
of  onlwal  origin  which  hod  boon  partly  fleshly  isolated  or  which  hod  boon 
taken  fro*  the  collection,  further  investigations  are  bWLng  twnraod  with 
these  strains. 

The  apodal  features  noted  in  the  R-lnfeotloew  of  the  Aurtearella 
strains  are  listed  under  Jbdnt  6*  baltwr,  end  in  Tfchls  If, 
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fabls  I«  Results  of  the  R-Infeetdens  of  fa flout  Prs*  t«ur  *11  % 
Sped**  (With  th*  Exception  of  F*  ps*^t*d>«reu3o«is, 

P*  peetis,  And  PaeieureXla  *2*) 


Aijfpljw- 

1a1-  — 

(b)  PwalOTHwiiw 

Akvplnr- 

lUMBif 

_  <*> 

(b)  SnMtmitam 

tr.  u 

srressat 

43  OM 

mraiita) 

«s4 m 
Hcna*«A} 

:k  si  u«w4  (turn 

smata}  Hfvcsi,)  KtvnsaA) 

V.  mitlteeMc 

P.  miiNoti4e 

SI  1.71k 

+  *4* 

+ 

+ 

3316/65 

— 

- 

D 117/61 

++ 

- 

- 

15131/65 

fm 

-> 

rx 

021*0/60 

++ 

+ 

+ 

3303/65 

— 

— 

BIB 

1)259/64 

— 

— 

S95 

+  + 

+ 

+ 

P.  .Wmolgflca 

W164/60 

■f 

+ 

D125/65 

+  + 

+ 

-f 

D20lt/59 

•4-  + 

— 

— 

DSSG/66 

+  + 

— 

— 

D193/60 

+  + 

~ 

-  . 

4mm 

— 

— 

— 

D1 99/60 

+  +  + 

+ 

+ 

P.  pneunwtroptm 

S1J8/1* 

am 

ra 

mm 

S575/65 

,_r 

„ . 

D  99 

4*  *r 

+ 

— 

D  103 

+++ 

+ 

4- 

P.  astaiipailftr 

11845 

4*  4*  4" 

4* 

+ 

lay*  «,  Recipient  strains 

b.  Donor  -trains  «  *  -  ✓ 

Bote:  transfer  frequency  •*++  *  10“ -1C  *  ++  »  iCf0}  +  10  ? 

-  =  negative  axpsrisent;  m  *  repeated  negative  experiments, 

3,  Rifferancos  in  Transfer  Frequency 

Oar  experlisants  are  not  comprehensive  enough  to  enable  us  to  nsite 
reliable  statements  as  to  the  differences  in  the  frequenqr  of  acceptance 
of  the  various  ft,  factors  in  th®  various  Pasteorolla  species.  But  we  think 
that  we  can  say  this*  among  all  of  the  strains  of  the  various  ifesteuraHa 
types  which  we  tested,  the  highest  frequency  in  terms  of  ^infection  was 
achieved  in  the  strains  of  Pas tear alia  «X«,  Next  cane  the  strains  of 
P.  pseudotubercclosis,  P,  aultocdda,  and  P*  pea  tie,  Because  of  the  small 
number  of  available  strains  there  ie  really  nothing  we  con  say  about  the 
differences  in  the  transfer  ireqnwwgr  in  the  case  of  the  other  PasteureUa 
types.  In  this  series  of  investigations  we  ware  ooneemed  primarily  with 
the  question  as  to  whether  R- infections  are  possible  only  in  the  Pcateur- 
ella  species  P,  paecdetnberwilesi#  and  P,  pestis,  ineluding  Pasteuralla 
"XM»  which  might  possibly  be  categorised  within  the  family  of  the  fixtero» 
baoterlaeeae,  or  whether  these  infections  wight  not  also  be  possible  In 
other  strains  which  are  not  related  to  P.  pseudotubereulosia  and  P,  p satis 
and  whlah  do  not  belong  to  the  Pasteurella  types  that  are  under  the  Enter©- 
baoteriaoeee.  As  our  investigations  revealed,  ^factors  could  be  trans¬ 
ferred  to  the  strains  of  all  of  the  Pas tom-ell*  speed se  tested. 


-10  - 


feutiiiMi 


m 


,ns  *s  ft*  Donors 


4,  Testing  the  R.  Infected  Pastaarslla  Stral 

Out  of  the  strains  of  each  Pastsurelia  species.  at  least  one  R» 
infected  clone  was  tested  for  its  ability  to  transfer  the  absorbed  R-facter 
further  upon  IQebsislla-Aercbacter  (strain  No  S970/6 2),  As  w*  can  see  ia 
Sable  2,  below,  this  could  be  established  in  all  strains ,  As  donor,  Baa- 
teurella  "X"  r areal *d  a  transfer  frecueney  that  was  by  i-2  pars?*  ef  10 
greater  than  th*  strains  of  the  other  P&steurslla  spades.  With  respect 
to  this  property,  Pasteurall*  corresponded  to  ran t  of  ths  (Soil  strains® 

£uJ8**.$L 

Clones  of  PUsieurell*  strains  of  the  various  species,  which  had  been 
tested  for  their  purity  and  which  had  been  &»infeeted,  were  kept  in  the 
refrigerator,  in  stab  cultures  sealed  with  rubber  stoppers,  with  the  ex¬ 
ception  of  P.  ffiultodda.  The  cultures  of  F.  smltodda,  which  according  to 
cur  experiences  oeuld  withstand  longer  storage  periods  aore  safety  and  re¬ 
liably  at  37°  C  and  -27°  C  than  *t  i  2°  C,  on  the  other  hand,  were  kept  in 
thermostats  at  3?°  C.  After  6  months  we  tested  the  inoculations  — .  which 
at  the  sane  time  had  been  transferred  to  blood  and  endoagar  plates  and  in 
proteose  solution  —  for  their  purity,  and  their  cultural^bio chemical  as 
well  as,  to  +*-„  extent  possible,  their  serological  behavior.  The  resistance 
determination  was  made  on  the  basis  of  the  overnight  cultures  in  proteose 
solution.  Table  II.  below,  tells  us  about  the  loss  of  the  R-f actors,  re¬ 
spectively,  R-detsraLnants. 

These  experimental  results  indicate  that  P.  pseudo  tuberculosis  and 
P.  pestis  strains,  like  Salmonella  strains  can  lose  most  of  their  R- factors 
in  case  of  longer  storage  of  stab  cultures,  although  these  same  factors  did 
remain  stable  in  most  of  the  strains  of  the  other  Pasteurella  species  which 
we  examined. 

It  was  Interesting  to  note  here  that,  among  the  P.  smite eid&  strains, 
the  strain  199/60  lest  the  resistance  determinants  only  of  Tfor^  the  R- 
factor  of  E.  coll  2234/64  R(TGSSuA)  but  not  of  the  Refactors  of  E,  coll 
JE51  R(TCSSu)  and  E,  coll  4242/64  R(TCSSu)  (Table  Hi).  This  earns  to 
indicate  that  the  ability  to  lose  R-f  actors  or  R-deteralnants  depends  not 
only  on  the  host  cell  but  also  on  the  R- factor. 

The  control  of  the  cultural  properties  of  R. infected  Pasteurella 
strains  ••specialty  of  Ps  Baltodda,  was  rendered  very  difficult  because  the 
resistance  actants,  which  bed  been  selected  in  vitro,  with  and  without  R- 
f actor*,  revealed  poor  growth  properties.  We  will  report  on  these  observa¬ 
tions  elsewhere. 
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Tubl*  n.  SSrpei*iaant*Hy  R-Inf*et«d  PastasrsXXa  Str*in3  es 
Traiws&tters  of  R-Ffreters  Upon  K1  sb si alla-Aarobacter  (Strain  No  8??0/68) 


Doaato?* 

Stamm  Xf, 

<a)  . 

(b)  Sufctot 

fttqwcss 

(c) 

1»W  Am 
tn  K«tmkn 

(d) 

Pt*-*r*3*»e 

R-DtUrairaata) 

(8)  _  . 

ESSMI 

*r;r 

P.  pmtMabtvealmlt 

v  tcs;;/ns« 

4018/02 

10-* 

4 

TCSK/NSa 

32'* 

TCSSa 

JE  SI 

1C-4 

SO  , 

TCSSa 

25* 

TCSK/NSo 

401S/82 

10--* 

4 

TCSK/FSa 

P.  pttlit 

TWJf 

TCSKmS* 

4018/93 

10-9 

4 

TC8K/NSO 

1  «  1 

»«**>* 

♦  n  * 

*4 

fl 

TWJ 

less# 

Id-4 

i 

tCSSfe 

PwUttinttm  X 

!0$3 

TCSSa 

JE  Si 

10'* 

10 

TCSSa 

373 

TCSSa 

4243/94 

10"* 

to 

TCSSa 

71 

TCSSa 

JB81 

so-* 

10 

TCSSa 

371 

TCSSa 

JB  61 

to-* 

io 

TCSSa 

F,  mullocUt 

S1117 

TCSSa 

434  »jU 

10-* 

7 

CSSo 

D4S7/64 

TCSSa 

JE  51 

10-* 

10 

TCSSa 

D2M/90 

TCSSa 

JE  51 

10”* 

10 

TCSSa 

595 

TCSSa 

JE  51 

10"* 

-1  • 

TCSSa 

W164/60 

TCSSa 

JE  51 

10-* 

10 

TCSSa 

D1W/6® 

TCSSa 

JE  51 

io~* 

10 

TCSSa 

0163/90 

TCSSa 

JE  5/ 

10-* 

10 

TCSSa 

P.  hatsxlpliett 

D125 

TCSSa 

JS  51 

ic-* 

10 

TC 

DIM 

TCSSa 

JE  51 

io-* 

10 

TCSSo 

P.  pnmiMlrtptoa 

.  DIOS 

TCSSa 

JE  61 

10-* 

5 

TCSSa 

DM 

TCSSa 

4343/94 

10-4 

10 

1  Kol,  -  C, 

• 

6  K»>.  -  CSa, 

1  Kai.  -  So, 

8  KoJ.  -  TCSs. 

Keys  a.  Donor  strain  Bo* 
b.  Infootod 

•  ttranaads^on  fTcquoncy 
,  Bo.  of  oolmiM  to# tad 


a,  S-dotominimt*  tranafarred 
t .  with  R-faotor» 
g,  Q$r  B.  ooli  Bo 
Sol  —  oolony 
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Table  111,  Loss  ©f  iv.  Factor**  Respectively,  R» 
Detersd^ant*  la  Stub  Cultures  Stored  6  Jfcat&s 


r««trar»n<i*Art 

Ptamm-H?. 


-oa 


Irihfcrt 


dw<k  R.  **W 

JiLifiL- 


mii  (tom 
ttPekto? 


(0 


tal«f  #ef 

ssr* 

— -4®$“ 


RmHHtww  d*»  tniWw 

<d) 


j  r.  pHiirioittkemiiesit 


2« 

4018/63 

TGSK/NSu 

1 

»a>T 

•ms: 

TGSRn 

1 

m 

4616/68 

TSSH/Nlin 

1 

P.  ptttit 

TWJ 

4018/63 

TCSK/NSn 

1 

9667/84 

TCSSa 

1 

PatltarrUa  iX> 

1055 

JE  51 

TCSSu 

5 

373 

4343/64 

TCSSu 

3 

7! 

JE  51 

TCSSu 

7 

371 

JIB  61 

TCSSn 

5 

|  P.  mallofUa 

j  0199/60 

3334/64 

.  TCSSnA 

4 

7  Sittmm* 

»tr*ch. 

Stfmm* 

TCSSu  otfer 
TCSSnA 

31 

P.  heemotgttoa 

,  omits 

JE  51 

TCSSn 

1 

4343/64 

TCSSu 

3 

3334/68 

TCSSnA 

4 

omits 

JE  61 

TCSSn 

3 

P.  pntumtnpka 

DUOS 

JS  It 

TCSta 

1 

1 

9384/68 

TCSSnA 

1 

099 

4148/64 

TCSSu 

3 

P.  anmllpmtlltr 

16643 

JB  61 

TCSSn  • 

1 

3834/68 

TCSSnA 

4 

<95%  VfrtttU  de*  R-Pckt«n  (XMc) 
«»8fl%  Verlnrt  d*f  T^RmMhuI1  (h) 
<85%  Vtkluit  d*»  HP  (i) 


<05%  VcpSiiU  Am  RP  (i) 
<9.5%  Vrrlutt  des  RP  (i) 


Keln  Verlusl  de*  VvP  (j) 

1  Klon  keln  Vttim\  tie*  RF  (k) 

1  Klon  Vcrhwt  der ',\‘.R«*l*t*ns (1) 
Keln  Veriuii  de*  Ri?  { j  ) 

Keln  Veriiisl  dc*  RF  ( j  ) 


3  Kkme  keln  Verlott 
1  Kton  Verliul  der  T-t  fi- 
1  Klon  VjrtOTt  <hr  T-,  &>,  §»  Mi  A*l 
Keln  Verlrnt  dr*  HP  (j  ) 


Keln  Verliitl  de*  RP 
Keli.  v*rtn»t  de*  RP  \ 
Keln  Veriurt  de*  RF  VJ 
Keln  Veriuat  de*  RP 


sffli 


Keln  V*riu*»  dw  RP 
Keln  V«rlmt  de*  RP  (j  ) 
K*ln  Virtual  der  RP 


Keln  V«riu*t  de*  RP  /*\ 
Keln  Verlwt  de*  RP 


a.  Pasteurella  spades*  strain  No*  serological  typs 

b.  Infected  1,  One  eloi 

o.  No  of  clones  tested 

d.  Evaluation  of  result  a, 

e.  By  E  Ooli  No  n. 

f .  With  lUfaotcr 

g.  Logs  of  R-faotor(RF)(loss  of  all  o. 

resistance  properties  obtained  through  ft. 
infection  in  nore  than  95%  virus#*  of 
the  done  tested 

h.  loss  of  TUresistancs  (leas  of  sons  individual  rad  stance  properties) 

i.  Loss  of  RF 

j.  No  loss  of  RF 

k.  Gn«  dons*  no  loss  of  RF 


loss  of  I-resist- 

onee 

2  donas  s  no  loss 

1  dona*  loss  of  T,  C,  A  JU 

rasistanee 

1  oona*  loss  of  T*C;S*  A  A 
resistance 
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i  vlth  the  ^.Infection 


It  i»  Interesting  to  not*  that,  in  various  Paateurella  strains,  only 
some  individual  and  not  all  resistance  detersdnent*  turn  up  in  the  phaeno- 
typo.  A  few  exa^les  are  given  in  Table  IV,  below.  In  these  experiments, 
the  oo Ionia*,  grown  on  selection  media,  were  tested  for  their  purity  in 
the  number  indicated,  rn  a  blood  plate  not  containing  ary  antibio  lie,  and 
thsir  resiitanas  v&a  than  dtiawriaad,  ft*  results  show  that  only  very  far 
Pasteur  alia  strains  ©mild  be  found  to  absorb  the  R.  faster  incompletely* 

It  is  interesting  to  note  that  h  out  of  the  9  strains  of  ffcsteurella  "I*’ 
tested  here  expressed  only  a  part  of  the  resistance  determinants  of  the 
R- factor  ir  phaeno-lypioal  terns.  Inveetlgationa  are  now  in  progress  in 
connection  with  the  question  at  to  whether  the  incomplete  absorption  here 
is  only  apparent  and  whether  it  might  perhaps  oonsist  in  the  fact  that  the 
determinant*  of  the  missing  resistance  property  are  not  expressed  pfcaumao- 
typioally  (Let sic). 


table  k.  Pas  tour  ell  a  Strains  With  Incomplete 
Absorption  of  R»Ffcetor 
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Stamm  Nr 
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K,~  (c) 
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_ L«l) _ 
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1 

1 

P.  ptwiciuttrcafatis 

j 

25* 
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TCSSu 

2 

T 

ox)  j 

TCSSe 

(IX) 
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1549/84 

TCSSu 

4 

TCSSe 

(3x) 

TCSu 

(tx) 

r.Su 

(lx)  | 

P.  pttilt 

F7798 

JB  51 

TCSSe 

7 

TCSSe 

(tx) 

r.ssu 

(8X) 

B  27*4 

JB  51 

TCSSu 

10 

TCSSU 

<*x) 

CS 

(lx) 

FtntnrtUa  tXt 

! 

71 
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The  observation  that,  among  the  experimental  conditions  selected  by 
ns,  ^.infections  were  possible  in  the  strains  of  all  si-ades  tested  under 
what  has  so  far  been  called  the  genus  Pasteur ella  constitutes  farther  proof 
that  R-infeetions  can  occt  also  in  strains  from  various  genuses  which  do 
not  belong  to  the  family  of  the  Enterobacteriaoeae*  This  was  supported  by 
the  observations  on  Vibrio  eholerae  (Kowabara,  and  assoc,  196 3)  and  Ps» 
aeruginosa  (Lebek,  1963).  It  is  interesting  to  note  that  our  experiment® 
involving  P,  pseudo  tuberculosis  and  P.  pestis  strains  revealed  the  same 
Inclination  toward  the  spontaneous  less  of  the  R-faetors  as  had  been  reported 
for  the  Salmonella  strains  (Lebek,  1964),  It  was  not  to  be  observed  in  the 
strains  of  other  Pasteur  ella  species  which  we  investigated.  The  strains  of 
the  various  Pasteur  ella  species  thus  differed  in  terns  of  their  inclination 
to  lose  R.faetors  and  not  in  terms  of  their  capability  of  receiving  then 
and  transferring  then. 

Our  investigation  results  bring  up  various  questions  which  we  cannot 
answer  at  this  time.  For  instance,  it  was  interesting  to  note  that  some 
Coll  e trains  proved  to  be  good  donors  with  respect  to  the  recipient 
Klebsiella- Aerobacter  but  not  wi  ih  respect  to  numerous  Pasteur  ell*  strains 
which,  for  their  part,  easily  accepted  the  R-faetor  from  the  other  Coll 
strains.  There  was  thus  no  inability  to  sxprtss  the  resistance  deinrada* 
ants  phaeno- typically.  Here  is  another  question  which  we  cannot  answer 
right  now:  we  do  not  know  why  the  Coll  strains  differ  from  each  other  In 
terms  of  the  frequency  with  which  they  transfer  their  R-faetors  to  the  same 
recipient  strains.  The  cause  for  these  differences  might  perhaps  be  found 
in  the  type  of  the  R-faotor  or  in  some  of  the  as  yet  unknown  properties  of 
the  acceptor  freeipientl  cells.  It  is  entirely  conceivable  that  further 
episomas  or  plasmid ea,  in  the  donor  or  recipient  cell,  might  inhibit  the 
transfer  or  acceptance  of  the  R. factors. 

Similarly,  we  do  not  know  why  only  P.  pseudo  tuberculosis  and  P, 
pestis  strains,  respectively,  strains  of  various  Salmonella  species,  dur¬ 
ing  longer  storage  time,  again  spontaneously  lose  their  R-faetors  or  some 
individual  resistance  determinants,  in  contrast  to  the  strains  of  the  other 
Pasteurella  species  and  strains  of  other  genuses  from  the  family  of  Rntero- 
bacterdaceae.  TMs  might  perhaps  be  due  to  the  fact  that  the  number  of 
R-faotere  in  the  individual  bacterium  cell  differ*  for  the  various  species. 


Investigations  on  the  R-inf action  of  strains  of  various  Pasteurella 
epee&es  made  it  possible  to  establish  the  ft-lnf action  of  all  species 
levied,  die  difference  between  the  Pasteurella  c pedes,  such  as  P.  pteoio» 
tuberouloeis,  P,  pestis,  and  Pasteurella  "X",  respectively,  the  other 
Pasteurella  species  which  are  not  related  to  them,  suoh  as  P,  multvdda, 

P.  haemolytiea,  P,  pneumo tropica,  and  P.  anatipeetlfsr  —  which  might  be 
categorised  among  the  family  of  the  Baterobaoteriaoeae,  consisted  in  the 
fact  that  the  two  first-nomad  species  end  Pasteurella  "X"  accept*!  the 
R-faetors  with  a  higher  frequency  than  the  other  Pasteurella  speed.ee. 

R-inf coted  strains  of  all  Pasteurella  spades  transferred  the  R-faetor  to 


an  acceptor  I'rocipiont'1  strain.  &>  wo  know  for  the  case  of  the  Salmonella 
tho  Refactors  or  individual  R-detriMinant3,  the  case  of  P.  pseudotuberou- 
losic  and  P,  pestis,  wore  not  stably  when  the  cultures  were  stored  for  6 
months*  whereas*  in  the  other  PastauTella  spedo3t  a  spontaneous  loss  of 
tho  R-factor  could  bo  established  only  in  some  individual  cases. 
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